In previous papers (Doll and Hill, 1954, 1956) we have described how at the end of October 1951 we sent a short and simple questionary to the 59,600 men and women whose names were on the current British Medical Register and who were then resident in the United Kingdom. In addition to giving name, address, and age, they were asked to say whether (a) they were, at that time, smokers of tobacco, (b) they had previously smoked but had given up, or (c) they had never smoked regularly (which we defined as having never smoked as much as one cigarette a day, or its equivalent in pipe tobacco or cigars, for as long as one year). The smokers and ex-smokers were asked the age at which they had started smoking, the amount that they smoked, and the method by which they smoked either at the time of reply or when they last gave up, and, when appropriate, the age at which they had stopped.
In previous papers (Doll and Hill, 1954, 1956) we have described how at the end of October 1951 we sent a short and simple questionary to the 59,600 men and women whose names were on the current British Medical Register and who were then resident in the United Kingdom. In addition to giving name, address, and age, they were asked to say whether (a) they were, at that time, smokers of tobacco, (b) they had previously smoked but had given up, or (c) they had never smoked regularly (which we defined as having never smoked as much as one cigarette a day, or its equivalent in pipe tobacco or cigars, for as long as one year). The smokers and ex-smokers were asked the age at which they had started smoking, the amount that they smoked, and the method by which they smoked either at the time of reply or when they last gave up, and, when appropriate, the age at which they had stopped.
We deliberately limited our inquiries to these very few questions, partly to encourage a large number of answers and partly because we believed that these were questions that could be answered with reasonable accuracy. For such reasons we did not ask for a life-history of smoking habits nor did we, at that time, inquire into the habit of inhaling.
Data
To this request we had 40, 637 replies sufficiently complete to be used-34,445 from men and 6,192 from women. From a 1 in 10 random sample of the register that we subsequently drew and analysed we estimate that these figures represent answers from 69% of the men and 60% of the women alive at the time of the inquiry.' (These numbers differ slightly from those we published in 1956; from answers to our second questionary (see below) we learned that we had allotted the wrong sex to a few subjects and had included a few forms that had come from relatives who were not doctors.)
Selective Sample
We may feel sure that the doctors who chose to answer were not representative of the total. The seriously ill would have been unable to respond, and thus, as we showed in our previous paper, the mortality of the group who replied would be, at least for a time, abnormally low. In fact, using the 1 in 10 sample as a basis, we calculated that the standardized (84%) of the non-answerers responded. Comparison of these two groups shows 21 % (answerers) and 6 % (non-answerers) as non-smokers and 15% (answerers) and 28% (non-answerers) as moderate or heavy cigarette smokers (15 or more daily).
While these differences are large and must contribute measurably to the continuing favourable mortality of the group that replied in 1951, they are unlikely to account for it wholly. As a further factor we suspect (but obviously cannot prove) that there may be some more general association between mortality and the tendency not to reply to such an inquiry-whether the tendency be due to a deliberate refusal (which is rare) or a mere neglect of these things (which is frequent). In this respect it is perhaps not too fanciful to note that one non-replier died of smallpox and another of diabetic coma.
Second Questionary
According to the doctors' replies in 1951 we allocated them to the appropriate non-smoking or smoking groups (subdivided by manner and amount, continuing or stopped). Our previous calculations of their subsequent death rates were based upon the number of persons in each of those groups at that time.
We knew nothing about any subsequent change of smoking habits, either in the dead or in the living, and the further we moved from 1 November 1951 the more likely it was that changes in habits had occurred. In particular, it was probable that a large number of doctors had given up cigarette smoking. We therefore decided to approach again all the survivors of those who had previously replied, and, taking advantage of this opportunity, we added questions on: (1) the past use of cigarettes by pipe and cigar smokers, and (2) inhaling (a factor that had since become prominent in argument). Allowing for repeated inquiries, we sought answers from men between page 1399 Cancer of the lung was given as the underlying cause in 216 men and 7 women and as a contributory cause in 6 men. For each of these deaths we sought confirmation of the diagnosis from the doctor who certified the death, and, when necessary, from the consultant to whom the patient had been referred.
We thus obtained information on the nature of the evidence in all but one case.
As a result we have accepted 212 deaths from carcinoma of the lung in men (5 being contributory causes) and 6 in women, and we have rejected 10 in men and 1 in a woman.2 The 10 deaths of men we have reclassified, on the information given, to cancer of the stomach, cancer of the bladder, cancer of the rectum, cancer of the trachea, peripheral neuritis, atheroma of the aortic valves, collapse of lung, heart failure, and (in two cases) cancer primary site unknown; while these last two may have been primary carcinomas of the lung, the evidence was lacking. With the woman, the histological report was sarcoma of the lung (the specimen had been lost and could not be reviewed). All As a result of these features we can analyse the data in three ways: (A) we can relate the deaths of the whole ten years to the smoking habits as recorded in the 1951 questionary; (B) we can relate the deaths reported during the first seven years to the smoking habits recorded on the first questionary (1951) and the deaths of the last three years, 1958 to 1961, to the smoking habits recorded on the second questionary (1957 to 1958) ; and (C) we can relate the deaths of the last three years, 1958 to 1961, to the information recorded only on the second questionary.
In considering whether to adopt the simplicity of method A or the slightly more complex method B we have studied the changes reported in smoking habits (Tables 1, 2 , and 3). Table 1 shows the changes in the method of smoking; the main features are: (1) 75 % of the population had not changed; (2) only 3 % of non-smokers had started smoking but 12% of ex-smokers had restarted; (3) 19% of smokers had given up, and the proportion is much the same for the various methods of smoking. In examining changes in the amount of smoking (Table 2 ) we may regard a smoker's change of 1 to 4 cigarettes a day (or the equivalent in pipe tobacco) as being a negligible movement, probably well within the error of reporting. On this basis 69% of the men had not changed their habits, 23% had reduced their smoking (including those who gave up entirely), and 8 % had increased it (including those who started or recommenced).
Of pure cigarette smokers in 1951 (men who were smoking only cigarettes and were not known to have smoked pipes or cigars regularly in the past), 64% were still smoking approximately the same-that is, remained in the same or an adjacent category-2% had increased their smoking, 29% had decreased As would be expected, there are highly significant differences (P<0.001) between non-smokers and all smokers, non-smokers and all cigarette smokers, cigarette smokers and pipe and/or cigar smokers, ex-and continuing cigarette smokers, and light and heavy cigarette smokers. In contrast the differences between non-smokers and pipe or cigar smokers and between nonsmokers and ex-cigarette smokers are not significant (P>0.05). While the simplest interpretation of these differences is that cigarette smoking is an important factor contributing to death, it is not the only possible explanation. We must consider whether smoking habits may be determined by the presence of disease or whether they are not associated with some other factor, environmental or constitutional, to which the cause of death is more directly related. For example, a man who suspects that he has developed a fatal disease is unlikely to quit smoking; therefore men who have recently given it up may form a relatively healthy group. Again, men who drink heavily tend also to be heavy smokers, and any mortality attributable to alcoholism will accordingly tend to raise the mortality of heavy smokers above that of non-smokers.
These figures for total mortality should not, therefore, be interpreted until the mortality of each of its principal disease components has been separately studied.
Cancer of the Lung
Mortality from cancer of the lung is examined in Tables 4  to 11 , where we have included the five deaths for which cancer of the lung was mentioned on the death certificate as contributory with the 207 in which it was given as the underlying cause.4 Many of the rates, however, are based on small numbers, and although they may contribute usefully to the general picture they cannot be relied on individually. In spite of this there is a steadily rising death rate with increasing consumption of cigarettes at every age above 45 years (Table 4) . For all ages a more detailed analysis in Fig. 1 In examining the effect of the method of smoking (Table 5) , we are dependent upon the smoking habits reported at the time of our first questionary, and we did not, in that inquiry, ask whether pipe smokers had ever previously smoked cigarettes. We have learnt subsequently, from the response to the second questionary, that 40 % of the pipe smokers had regularly smoked cigarettes at some time previously, so that the excess death rate of pipe and/or cigar smokers over that of nonsmokers (0.43 against 0.07) may be partly due to this previous consumption of cigarettes. We cannot yet test this directly by examining the mortality of the 60% of pipe smokers who never smoked cigarettes regularly, since their number is small and we have not observed them for long enough to obtain a reliable estimate of their death rate. However, although the numbers of deaths are very few the rates in Table 5 do show an increase 4 Ten certified deaths were excluded because additional evidence suggested that the diagnosis was incorrect (see p. 1400).
in lung cancer mortality with increasing amounts of pipe tobacco consumed. On these data, together with the total rate, we could hardly exonerate the pipe from all risk. We are still less inclined to do so after examining the data in Table 6 , which show the death rates of men who were continuing to smoke at 1 November 1951 and of those who had stopped. For each type of smoking (cigarettes alone, mixed, pipe and/or cigar alone) the rate of continuing smokers is higher than that of those who had stopped, and the rate in ex-cigarette smokers (0.24) is notably less than that in current pipe smokers (0.47).
The difference between the ex-smokers and the continuing smokers is most marked for those who smoked cigarettes, where the rate for those who had given up is only 19 % of the rate for those who continued. This difference, moreover, may well underestimate the true difference, since in this analysis we take no account of the changes in habits in the years following 1951. (See p. 1407, where allowance has been made for some of the changes in habits which took place and where comparison is made between men who have given up smoking for different lengths of time.) In Table 7 we consider the nature of the evidence available to the doctors who certified cancer of the lung as the cause of death (excluding the one case for which this information was refused to us). In more than half of the deaths (56%) there was histological, cytological, or necropsy evidence together with x-ray or bronchoscopic confirmation of the site of the primary growth. In another 38% an x-ray picture or bronchoscopy supported the clinical evidence. In both these groups the various associations of mortality with smoking are quite distinct. Similarly Table 8 shows no marked associations with smoking in the 13 cases of adenocarcinoma, whereas they are distinct with both the squamous and the oat and anaplastic growths. Taking the death rate of the continuing cigarette smokers in each histological group as standard (100) The rise in lung cancer mortality with increasing number of cigarettes smoked occurred in all types of area, and the rates in Table 9 provide no reason to suppose that the association It is notable also that the mortality of ex-smokers decreased in the second quinquennium, when-on average-they had given up smoking for a longer time, and that it also decreased among the doctors as a whole. This last decrease was not large (from 0.69 to 0.64 per 1,000 men per year), but it took place in spite of an increase in the mortality from all causes (from 13.46 to 14.56) and despite a steady increase during these years in the mortality from lung cancer in the male population of the whole country.
Other Cancers
Data for cancers other than cancer of the lung are shown in Tables 12 to 15 . The number of deaths attributed to each type is small-in some cases very small-but we have given the results separately to enable them to be compared with other series. Table 12 shows the mortality from cancer of (1) the mouth, pharynx, or nose; (2) the larynx or trachea; and (3) the oesophagus. In each case the rates are higher in smokers than in non-smokers (columns 4 and 5), but they are not specifically higher in cigarette smokers than in other smokers (columns 6, 7, and 8). In Table 13 , therefore, the rates are examined only for all smokers classed together, equating 1 g. of pipe or cigar tobacco with 1 cigarette. The most marked feature is a substantially increased death rate for each type of cancer in the heavily smoking men (25 g. or more a day), and it is evidently to this group that the excess mortality of smokers over nonsmokers is largely due. Only cancer of the oesophagus shows a progressive increase in mortality with an increase in the amount smoked, and only this type of cancer shows any important difference in the death rates between men who have stopped smoking and those who have continued. It must be remembered, however, that the numbers of deaths attributed to cancer of the mouth, pharynx, or nose (19) and to cancer of the larynx or trachea (16) are very small. If all these cancers of the upper respiratory and digestive tracts are grouped together the combined results show significant differences between smokers and non-smokers (P = 0.02) and between heavy smokers and light smokers (P<0.001), but not between continuing smokers and men who have stopped (P>0.1). Tables 18 and 19 we set out the data relating to mortality from cardiovascular diseases-including under this heading deaths certified as due to nephritis. With the deaths attributed to cardiovascular accidents or to coronary disease we have separately considered those in which reference was made on the death certificate to the presence of hypertension, for these deaths might be related to the causes of hypertension more closely than to any other factor.
For the 138 deaths in which hypertension was given as the primary causc there is no association with smoking habitsneither with method (Table 18 ) nor with the amount of cigarette smoking (Table 19 ). This is equally true for the 143 cerebrovascular accidents and for the 89 coronary disease deaths in which hypertension was also mentioned. Adding the three hypertensive groups together gives, with one exception, remarkably similar rates in all the smoking categories, varying only between 1.26 per 1,000 in non-smokers and 1.10 per 1,000 in men who had given up smoking (the final lines of Tables 18  and 19 ). The exception lies in the rather low death rate of 0.81 per 1,000 in pipe and/or cigar smokers, a figure which is based upon only 53 deaths, and has 95% confidence limits of 0.69 and 0.93.
We can also conclude from these tables that there is no association with smoking habits in the 135 deaths from " other heart diseases " (rheumatic heart 35, other valvular disease 22, (Table 18) , and there is no clear gradient with number of cigarettes smoked nor fall in the death rate on giving up smoking (Table 19 ).
With the 337 deaths attributed to myocardial degeneration and the 43 deaths attributed to nephritis there is some suggestion of an association, but the evidence is slight. With myocardial degeneration there is a substantial-and statistically significant (P<0.01)-difference between smokers (1.02) and non-smokers (0.59), but there is no difference between the different methods of smoking (Table 18 ) and no gradient with the number of cigarettes smoked. With nephritis the maximum mortality falls on the heaviest smoking category and mortality declines with giving up smoking, but the differences are small; none of them is statistically significant.
In short, we would conclude from these data that the only cardiovascular cause of mortality to show any association with smoking habits is coronary disease, unrelated to hypertension, and that even here the differences in rates are not very marked. The death rate of all smokers (4.08) is 23% higher than that of non-smokers (3.31), and this excess appears to be limited to the cigarette smokers (4.39, or 33% above the non-smokers, Table 18 ). There is certainly no clear gradient with number of cigarettes smoked, but the highest mortality is found among the heaviest smokers and there appears to be a fall in mortality on giving up smoking (Table 19 ). We examine these findings more closely in Table 20 , which shows the age-specific death rates from coronary disease. These figures show that a rising gradient of mortality from non-smokers to heavy cigarette smokers is clearly present at ages under 65, doubtful at ages 65-74, and absent at age 75 years and over.
We have not sought clinical information about the large number of deaths in this cardiovascular group and consequently have not felt justified in trying to separate a group of deaths which might be ascribed to " cor pulmonale." We noted earlier that 55 cardiovascular deaths included a reference to chronic bronchitis on the death certificate (coronary thrombosis 24, myocardial degeneration 15, hypertension 2, other heart disease 4, and cerebrovascular accidents 10), and it was shown in Tables 16 and 17 that these deaths were closely associated with smoking. It is possible that in a few of them the primary cause was really chronic bronchitis-particularly perhaps among those attributed to myocardial degeneration or "other heart disease "-and that these constitute another cardiovascular group which is also associated with smoking. On the evidence available, however, this group would not appear to be large enough to have materially affected the results. Possibly most such deaths among doctors are attributed directly to chronic bronchitis. Other diseases Finally, in Tables 21 and 22 we set out the mortality observed in all other diseases. Some associations with smoking are seen in peptic ulcer, in cirrhosis of the liver and alcoholism, and in " other digestive diseases," but none in genito-urinary diseases other than nephritis, deaths due to violence, indefinite causes, and a miscellaneous group of other causes to which many diseases each contribute a handful of cases.
The 54 deaths ascribed to peptic ulcer include 15 in which peptic ulcer was referred to only as a contributory cause and two deaths attributed to haematemesis (a man of 64 smoking 30 cigarettes a day and a man of 82 smoking 16 g. a day in a pipe who have been included here rather than with the group of indefinite causes as peptic ulcer is most likely to have been the correct diagnosis). For these deaths the association with smoking is not close-for example, the mortality is higher among men smoking 15 to 24 cigarettes a day (0.31) than among heavier smokers (0.22)-but the difference between the mortality rates for smokers (0.18) and non-smokers (0.03) is sufficiently great to be unlikely to be due to chance (P = 0.05).
With alcoholism (6 deaths) and cirrhosis of the liver (27 deaths) the association is strong. No deaths from these causes occurred among non-smokers, and, like cancers of the mouth, pharynx, and larynx, the mortality fell almost wholly on the heaviest smokers.
The evidence relating to other digestive diseases is inconclusive. This is a heterogeneous group, the major components of which were 11 deaths from appendicitis, 12 from hernia, 18 from obstruction, 9 from diverticulitis, and 17 from gall-stones or cholecystitis. Several of these conditions are normally treated by surgery, and it would be reasonable to assume that their fatality rate was related to smoking, because of the resulting chest complications, rather than the incidence of the conditions themselves. Causes of death that we have regarded as related to smoking account, it will be seen, for 39% of all deaths (1,775 of 4,597). In this group the mortality among smokers (5.74) is 63 % more than in non-smokers (3.53) and that among cigarette smokers (6.39) 81 % more; and the mortality in continuing cigarette smokers (7.01) is 50% more than in ex-cigarette smokers (4.67). The mortality in men who smoke 25 or more cigarettes a day (9.56) is 74% more than in those who smoke under 15 a day (5.48) and 171 % more than in non-smokers (3.53). In contrast, the mortality in pipe or cigar smokers (4.17) is only 18% more than in non-smokers.
In contrast, the remaining 2,822 deaths (61 % of the total) provide mortality rates that are closely similar in all the smoking categories. Among smokers as a whole the mortality from these causes (8.58) is 1 % more than in non-smokers (8.53) and the mortality among cigarette smokers (8.99) is raised by only 5%. There is a somewhat greater difference-1 6 % -between men who continued to smoke cigarettes (9.31) and those who stopped (8.02), but, as will appear later, this may be an artifact due to the self-selection of men who stop smoking (see p. 1408). The mortality in pipe and/or cigar smokers (8.06) is 6% less than For detailed study of the mortality of the men who have given up smoking (ex-smokers) we have used the information given on both questionaries (see Method of Analysis, B) and have calculated man-years at risk at different ages for men who had given up for less than 5, 5-9, 10-19, and 20 years and over.
For example, a man who stated on both questionaries that he gave up smoking in 1950 at 37 years of age is calculated to have been at risk for three-and-a-half years in the group that had stopped smoking for under five years (one-and-a-half years in the age group 35-39 years and two years in the age group 40-44 years), for five years in the group that had stopped smoking for 5-9 years (three years in the age group 40-44 years and two years in the age group 45-49 years), and for one-and-ahalf years in the group that had stopped for 10-14 years (in the age-group 45-49 years). A man who was smoking in 1951 but who stated on the second questionary that he gave up in 1955 at age 52 years is recorded as an ex-smoker of three-and-ahalf years' duration at the end of 1958, contributing one-and-ahalf years at risk to the group that had given up for under five years and one-and-a-half years to the group that had given up for 5-9 years (all in the age-group 55 to 59 years).
Thus we have studied the mortality among ex-smokers from (a) cancer of the lung; (b) chronic bronchitis; (c) coronary disease without mention of hypertension; (d) other cancers of the upper respiratory and upper digestive tract together with pulmonary tuberculosis, peptic ulcer, and cirrhosis of the liver and alcoholism-that is, all other causes of death related to smoking grouped together because of the small numbers of deaths attributed to each; and (e) all causes unrelated to smoking (see Table 25 ). In Table 25 allowance has been made for the amount smoked by calculating separately for each age-group the deaths from each disease that would be expected among men smoking 1-14, 15-24, or 25 or more cigarettes daily, if death from the disease was unrelated to stopping smoking. The numbers of expected deaths were summed for each age and amount of smoking category and the standardized death rates calculated indirectly by multiplying the rate for all cigarette smokers (current and ex) by the ratio between the observed and expected numbers of deaths.
The results show three distinct patterns of behaviour. For cancer of the lung (Fig. 2 ) and the group of other diseases related to smoking, the mortality rates decline immediately and become progressively smaller as the length of time increases since smoking has been given up. Thus after 20 years the rates are only 15 and 34% respectively of the level for continuing 1-5- smokers, although they are still two to three times the rates of non-smokers. On the other hand, for chronic bronchitis the mortality at first increases and then, after 10 years from giving up, falls well below the rate for men who continued to smoke. Lastly, for coronary disease without hypertension and for the unrelated causes of death the pattern is complex. In both groups the mortality falls quite sharply in men who have recently stopped, but it then rises again to fall finally to a figure which, 20 or more years after stopping smoking, is only slightly above that for the non-smokers. Clearly these different patterns cannot be due to a single cause, and we must postulate the interaction of several, probably competing, factors. For cancer of the lung and the group of other related diseases the results can be simply explained if cigarette smoking (or some factor commonly associated with it) is a direct aetiological agent. With chronic bronchitis, however, clinical experience suggests that the rates will be influenced by the tendency of patients to give up smoking because of the increasing severity of their symptoms. Thus the group of men who have given up smoking will include a disproportionate number of severe cases of chronic bronchitis, and, as a corollary, the mortality from this disease will remain higher in the ex-smokers compared with the smokers until, in the long run, the change in habits can exert a beneficial effect on the disease in the survivors.
For the unrelated diseases selective factors might operate in just the reverse way. A doctor who realizes that he may have a carcinoma of the large bowel or who has recently recovered from a stroke will hardly have the normal incentives to renounce smoking. There is little point in giving up if one is in danger of death and the act of smoking cannot influence it. It would not be surprising, therefore, if the doctors who chose to stop smoking were, so far as such diseases are concerned, the relatively healthy. From Table 25 it appears that this may well have happened and that the selective effect described has not fully worn off until smoking has been stopped for at least ten years. For coronary disease we believe the situation may lie between that for the related and that for the unrelated diseases: in other words, the mortality from the disease may be reduced by stopping smoking (directly or indirectly through some aetiological agent associated with smoking) but that effect will be complicated by a tendency for doctors not to modify their smoking habits after the disease is first suspected.
In short, the doctors who stop smoking are not a randomly selected cross-section, as one would ideally wish, but will include those whose actions have been influenced by the presence (or absence) of symptomatic disease. Assessment of the effects of stopping smoking must take this situation into account.
The influence of such selective mechanisms will, clearly, be most marked during the first years after stopping smoking and are likely to wear off in time. We have therefore compared in Table 26 Table 25 . [16] [17] [18] [19] [20] [21] [22] [23] related causes the contrast between continuing and ex-smokers is increased. For coronary disease it is slightly lessened. For the unrelated diseases it is so appreciably diminished that there is only a 30% difference between the rates.
We conclude that the fall in mortality with the stopping of smoking is a real effect so far as the " related " diseases are concerned, while for the "unrelated" diseases it is an artifact due to selection. With the related diseases the fall in cancer of the lung stands out remarkably.
With such a fall in mortality-and the much smaller falls with other diseases it might well be asked how far these changes are directly due to the stopping of smoking and how far to the " stoppers " being different in their previous smoking habits from the general run of smokers-for example, being late starters, non-inhalers, or smokers of lesser amounts. The answer is that such features are unlikely to account for the results. Differences in amount of smoking have already been allowed for in Tables 25 and 26 by the use of rates standardized for amount. 10% greater than that of non-smokers, and the 56 deaths of women are really too few to be confident that the experience of the two sexes is different. It may, moreover, be noted that at ages under 65 years-at which the relation among men was most marked-the mortality rate of women was higher among cigarette smokers (0.35) than among non-smokers (0.26).
Examination of the few data for lung cancer shows that the mortality rate is highest among women who smoked 15 or more cigarettes a day (the rate was lower among the 244 women in the heaviest category of smokers-that is, those smoking 25 or more a day-but is based upon only one death). All the rates are lower (sometimes substantially) than those of men, and even with these minute numbers it seems that some factor other than the amount smoked is necessary to account for the difference.
Other features of the smoking history may indeed play a part, particularly: (1) the age at starting to smoke, and (2) the proportion of inhalers. Women doctors who were continuing to smoke cigarettes in 1951 began to smoke on average when aged 24.7 years1-4 years older than the corresponding male doctors (see Table 27 ). We have not sufficient data to take these differences into account, but it appears (from Table 32 ) that the difference in inhaling will lower the female mortality rate in relation to the male, and it is reasonable to suppose that the later average age at starting to smoke would have a similar effect. These differences, too, may affect not only the relative lung cancer mortality rate in the two sexes, but also, to a greater or less extent, the rates fov all the other " related diseases." 
